Abstract.-East Coast Least Terns (Sterna antillarum) generally nest in relatively barren, homogeneous habitats of broad sandy beaches on barrier islands or on spoil deposition sites. We studied Least Terns at several New York (N=4) and New Jersey colonies. About 300 pairs of Least Terns nested along 2 km of beach on Brigantine Beach, NJ in 1983. The New York colonies contained from 20-300 pairs estimated from single visits in 1971, 1974 and 1977. At most sites choice of nest sites differed from random with respect to position on the beach, elevation and slope, shell cover, vegetation cover, and distance to vegetation. Terns preferred to nest in the middle third of the beach, on areas with shell cover, and on ridges and slopes. On sparsely vegetated beaches, nests were closer to vegetation than were the random points; on heavily vegetated areas, nests were further from vegetation than were the random points. At Brigantine, fox and cats entered the colony from the dunes and preyed heavily on nests closest to the dunes. Terns nesting during the peak of the nesting season fledged the most young and suffered the fewest losses to predators. At Brigantine, disturbance was less at the ends of the colony, resulting in higher reproductive success in these sections. In the Long Island colonies beach vehicles, humans, and cats were the main causes of egg and clutch mortality.
Nest site selection in birds involves the choice of a particular location among the available habitats and sites (Partridge 1978) , usually resulting in a non-random spatial distribution of nests. Nest site selection is the final stage in a series of habitat choices, including colony, general habitat and territory selection (Gochfeld 1978 , Burger 1985 . In colonial species these three choices are not necessarily made at the same time, nor even by the same member of the pair (Burger 1985) .
General nest site requirements of larids have been examined in detail, particularly in marsh-nesting species (Bongiorno 1970 Burger 1986 , Minsky 1987 . In this study we examine the physical, spatial and temporal aspects of nest site selection in Least Terns nesting on Brigantine Beach, NJ, and at several colonies on Long Island, NY to delineate nest site preferences with respect to location relative to the dunes, elevation, shell cover, and vegetation, and to relate these differences to reproduction success at Brigantine Beach. The number of chicks hatching and fledging per nest could be determined with a 31 minimum of human disturbance by checking nests when chicks were young and using binoculars when chicks were older.
Least Terns are well suited to such a study because they traditionally nest along beaches and on spoil islands in relatively homogeneous habitats. They usually nest on sand-shell beaches relatively free of vegetation (Downing 1973 , Massey 1974 , Wolk 1974 , Minsky 1987 ), although they have been known to nest on rooftops (Fisk 1975 
METHODS
Terns at Brigantine Beach were studied 5 to 7 days a week from 15 April to the end of July 1983. The beach was arbitrarily divided into quadrats 150 m wide and 100 m deep. During the egg-laying period the beach was censused every day for nests. New nests were marked and numbered and the following data were recorded: quadrat number, date, linear distance from ocean, elevation, % shell cover around the nest, and distance to nearest nest. Shell and vegetation cover were estimated by placing a 1-m diameter wooden circle partitioned into sections over the nest. The beach was partitioned longitudinally into thirds where 1 = near dunes, 2 = middle, and 3 = near ocean. The relative elevation of the nests ranged from level sandy areas, to depressions or troughs, to slopes and ridges. Elevation differences were minor (mostly < Im), but were discernible. The distances to tracks of people and off-road vehicles were recorded weekly. The same data were collected at 100 random points within the tern colony (hereinafter referred to as "available habitat"). Distances between random points (a measure of random nearest neighbor distances) were determined by placing a number of points equal to the number of tern nests on a map of the colony that was gridded, and measuring the distance from each random point to its closest random point. Nest site characteristics were compared with those of the random points with Kruskal-Wallis X2 tests. We also used Kruskal-Wallis X2 tests to determine differences among the distributions of the variables with respect to hatching rates. Unless otherwise noted, means ? SD are given in the text.
At Brigantine Beach nests and nest contents were checked at least every other day until the young were fledged. Nest contents, broken or preyed upon egg shells, and any other evidence of predation were recorded during nest checks. Hatching and fledging success were computed for each nest. As chicks began to wander they were checked from the edge of the colony with binoculars. At the Short Beach, Meadow Island, and Fire Island colonies, nest site characteristics and proportions of habitats available to the terns were determined on single visits. At Gilgo the nest site characteristics were compared with random points. Two follow up visits were made at Gilgo to determine the number of chicks greater than 10 days of age per established nest. No further attempts were made to monitor productivity. At Gilgo Beach, a colony similar physiognomically to Brigantine Beach, an even higher percent nested in the middle third of the beach (X2 = 98.6, df = 2, P < 0.001, Fig. 1 ). We did not examine this factor at the other colonies because they were not linear colonies along beaches.
RESULTS

Temporal pattern
Although the beach at Brigantine was generally flat, there were differences in elevation. Over 60% of the available habitat was flat but less than 40% of the terns nested on flat areas, most nested on ridges and slopes (X2 = 26.0, df = 2, P < 0.001, Fig. 2 ). At Gilgo terns nested on the few available ridges, but ridges were scarce and no significant preference was demonstrated.
Vegetation on Thumb colony) again revealed this preference for stabilized sand and shell tables. At Fire Island tern nests were found in an area stabilized with a regular pattern of Beach Grass. The grass stems were planted with "two foot centers" forming a square grid 60 cm apart. If one draws concentric circles of varying diameter around each grass stem, the available area within each band is proportional to its radius minus the area of the smaller circles. Although terns continued to nest in this area, they avoided the grass stems. In this grid, terns appeared to maximize the distance between their nests and grass stems (Table 1 ; P < 0.01).
The small colony at Meadow Island represented still a different situation. The island has been repeatedly topped with dredge spoil, presenting a rolling and undulating surface surrounded by Phragmites, but in many seasons it also provides nearly a dozen hectares of barren, fine sandy surface. In this colony the topography varied by an elevation of 160 cm, In general, subcolonies were more synchronous than the entire colony (had lower standard deviations of 2 to 6 days).
Human disturbance factors
Human disturbance varied greatly, depending on whether the sites were fenced or had a tern warden. At Brigantine Beach the Least Tern nesting area was fenced off, but some people walked through the area during the day, and some entered with off-road vehicles. Over 50% (N = 233) of the tern nests were less than 20 m from off-road vehicle tracks made during the breeding season, whereas less than 20% of the tern nests were closer than 20 m to human tracks (Fig. 5 ). There were no instances of eggs stepped on by people but 12 nests were run over by ORV's, and a few parents led chicks upon hatching away from the nests to dune areas.
At Gilgo Beach the colony was posted but was not fenced. The beach was narrow and the colony was subject to frequent intrusions. Consequently, all nests had footprints and off-road vehicle tracks within 10 m. Indeed, most (86%) nests had tracks within 5 m. Meadow Island was not fenced, but was in an area not used for extensive recreation. The Short Beach colony had extensive human disturbance throughout; although no vehicles were within the colony, most nests had vehicle tracks within 20 m. Neither vehicles nor people entered the Fire Island colony. 
Nest site selection and reproductive success at Brigantine Beach
Least Terns hatched 56% of their eggs at Brigantine Beach. Of the factors examined, location, date of egg-laying, ORV tracks, and density pattern affected hatching success (Tables 2,3) . Least Terns nesting nearest the ocean were more successful than those nesting near the dunes, and pairs nesting at the peak of the egglaying period were more successful than early or late nests (Table 3-5). The spatial pattern affected hatching success. Subcolonies at both ends of the beach were more successful than most subcolonies in the central sections of the beach. Nests that were farther from ORV tracks hatched more young than those near them (Table  3) .
Fledging success was correlated with the number of nests in quadrats, breeding synchrony, and date of egg-laying (Table  5 ). Overall, parents that initiated nests during the peak of egg-laying fledged more young per nest than others. Predation accounted for most losses, thus predation rates were lowest on terns that nested during the peak of egg-laying (Table 5) . For Least Terns, however, nest location relative to edge can be extremely important where cats, rats and fox are the pri- 
Social Aspects of Nest-site selection
The presence of conspecifics affects nesting dispersion since Least Terns nest in colonies and avoid areas of the habitat without nesting birds. In a study of 11 colonies in California, Minsky (1987) reported that mean nearest neighbor distances ranged from 5.9 to 22.8 meters, and density varied up to 42% from year to year in any given colony. Further the amount of total available area for the colony was not correlated with nearest neighbor distance. We noted similar variation. Thus, factors other than social interactions influence the choice of particular nest sites.
In Brigantine Beach, a linear colony with several discrete subcolonies, we found that subcolonies were more synchronous with respect to egg-laying than the entire colony. Minsky (1987) also found synchrony in neighbors of Least Terns in California, and reproductive success varied as a function of synchrony whereas it did not vary with respect to density. This suggests that synchrony rather than density per se affects nesting success. Synchrony should be greater in subcolonies with more nests (Darling 1938) . In this study both synchrony and nearest neighbor distance affected fledging success.
Spatial aspects of nest-site selection
At Brigantine Beach, predation was the primary cause of nest failure, and distance from the dunes played the critical role in egg and chick survival. Least Terns at Brigantine nested in subcolonies along the beach and not all subcolonies were equally successful. The terns nesting at the ends of the beach hatched more young than central-nesting subcolonies. Although one might predict that central nesting subcolonies should be more successful, in linear (rather than circular) colonies, the 38 end represents only a small part of the edge where terrestrial predators can enter. In this case predators entered from the dunes and not from the ends or oceanside. Also, human disturbances was less at the ends of the colony because people had to walk further from parking lots to get there. Thus, being at the end of the colony was not a disadvantage.
The Long Island data provide no clear evidence for spatial effects, perhaps because of smaller sample size. No data on predation were available from the New York colonies. Although specific nest site features were not recorded in previous years, nesting Least Terns were recorded in the same sections of the beach at Brigantine in successive years. Moreover, the same nest sites were used from year to year, as indicated by the location of nest markers. But without marked birds, it is impossible to say that particular pairs were site tenacious. The continued use of Fire Island despite vegetation encroachment further suggests site tenacity.
Diversity of nesting
The few colonies examined in this paper do not represent all of the habitats occupied by Least Terns in New Jersey and New York (Burger 1984 , Gochfeld 1984 , Kotliar and Burger 1986 ). Nonetheless, they show substantial microhabitat diversity. Brigantine and Short Beach represent broad natural beaches while Gilgo is a relatively narrow beach. Meadow and Fire Island represents spoil sites, the former barren, the latter rather heavily vegetated. The potential for human disturbance and types of predation likewise varied among colonies. Nontheless, tern nest sites shared characteristics of slope, substrate, vegetation and location. At Brigantine, at least, there is evidence that the chosen sites are advantageous.
